Titanium alloys are used in aerospace industry owing to their high strength to weight ratio. These alloys are considered to be difficult to machine due to their rigidity and poor thermal conductivity. High-pressure jet-assisted machining of titanium alloys is beneficial. It not only increases production efficiency, by increasing the cutting speed and lowering temperature both in cutting zone and the cutting tool, but also improves chip control, and increases tool life. It also produces better surface integrity and compress residual stress, which improves the properties of work metals such as fatigue. In order to compare the effect of high-pressure jet-assisted machining on the work pieces of Ti-6Al-4V alloy, the depth profile of residual stress was measured using x-ray diffraction. As comparison, the depth profile of residual stress was also measured for the conventional machined work pieces. It was found that the residual stress was a function of machining parameters, such as cutting speed, feeding force and depth of cut and particularly the high-pressure jet increases the amount of residual compressional stresses in both cutting and feed direction [1, 2, 3] . In the present paper, Ti6Al4V rod was machined by turning in two different manners, finishing and roughing. Tests were conducted on a lathe using different cooling systems, high pressure and conventional. To illustrate the effect of high-pressure jet assisted machining on the properties of the work piece of Ti-6-Al-4V and the depth profile of its residual stress, X -ray defractometer was used. The maximal amplitude of residual stress, at both the longitude (feeding direction) and transversal (cutting) directions, the depth of compress residual stress and the depth of the total residual stress will be present as the function of the machining parameters.
Introduction
The machinability of titanium is in general comparable to that of stainless steel. With higher alloy content and hardness, the machinability of titanium alloys generally decreases. This is true of most other metals. At a hardness level over 38Rc (350 BHN) increased difficulty in operations such as drilling, tapping, milling and broaching can be expected. In general, however, if the particular characteristics of titanium are taken into account, the machining of titanium and its alloys should not present undue problems. When cutting titanium, a high shear angle is produced between the workpiece and chip, resulting in athin chip flowing at high velocity over the tool face. High Title of Publication (to be inserted by the publisher) temperatures develop and, since titanium has low thermal conductivity, the chips have a tendency to gall and weld to the tool cutting edges. This speeds up tool wear and failure. Short tool life and low productivity due to the low permissible rates of metal removal are often associated with the machining titanium alloys [1] . At the same time the measurement of residual stresses is very important to know the integrity of the surface after turning as a safety factor. A combination of mechanical and thermal affect the residual stresses induced by machining operatins. The pressure of the cutting tool on the work-piece causes plastic deformation, leading to compressive residual stresses at the surface layer. The heat developed by friction between the tool and the work-piece can lead to residual tensile stresse at the surface. The resultant stress on the material depends on the relative importance of each factor [4] . The residual stress distributions due to machining was reported into three different types as shown schematically in Fig.1 . The type I curve represents an abusive machining caused by excessive friction heat development, leading to tensile residual stresses. This is the worst stress distribution: tensile stress is generated at the surface and below it. A hard-turned with much worn tool generates this distribution to a specimen. The type III curve shows extremely good machining conditions, when only the surface work hardening is allowed to occure. Crack formation and propagation is prevented by this ideal stress distribution. A new tools without heat generation has such effect. The type II curves corespondes that heat has been introduced, but plastic deformation below the surface has created compressive residual sress at the surface. Type II curve relates to normal machining process, although tool wear could lead to a type I curve [5] . Figure. 1: Types of machining stress distribution according to Parrish (1977) .
A variation in lattice spacing over that length scale is subjected to the residual stresses on the surface layer vary rapidly over the first micrometer depth from the surface. The cause of this stress distribution is the strong temperature gradient near the surface generated during machining, resulting in a strong modification of phase distributions with surface distance, and in a large shifting of the stress-free lattice spacing. High-pressure jet-assisted machining is starting to establish itself as a method for substantial increase of economical production in the metal cutting industry. Cutting with an excess amount of cutting fluids is still very common, even if a trend towards dry cutting is starting to grow fast. However, many materials such as heat resisted alloys and titanium can not be effectively cut without cooling. Research made in the past has shown the high potential with highpressure jet assisted machining compared to conventional cooling. Methods were focused on turning operation in the pressure range from 2,75 to 280 MPa. Water, oil and regular cutting fluids were used. The presented results showed increased tool life, improved surface finish, reduced cutting forces and better chip control [6] . The surface of titanium alloys is considered to easily damage during some traditional machining operations. Damage appears in the form of micro cracks, built up edges, plastic deformation, heataffected zones and tensile residual stresses. In service, this damage can lead to a great degradation of properties such as fatigue strength and stress corrosion resistance. Production engineers and companies specializing in the machining of aerospace materials generally have developed techniques to maximize surface integrity of titanium alloys. Thus, optimum properties usually are achieved during machining of titanium. In applications such as in aerospace industries the maximum fatigue strength is required [6] . Fatigue life of components to be cyclically loaded increases by the introduction of compressive residual stresses in the surface layers. This is due to the fact that, for a fatigue crack to propagate, the region at the crack tip must be in a state of tension during some point in the loading cycle. When a residual state of compressive stress has been superimposed over the stress state resulting from service loading, it is possible that most or the entire load spectrum will remain in the compression region. For applications with thousands of rpm, such as gas turbine engine blades, such fatigue enhancements are critical. Cracks initiated by foreign object damage can potentially propagate and result in premature failure. Residual stress measurement has been carried out at Sandvik Materials Technology for years. In all cases involved in steels, either Fe-base or Ni-base, the Cr-radiation has been preferred. The present investigation was carried out with Cu-radiation as well as Cr-radiation. In this paper the procedure to measure the depth profile of residual stress during metal cutting of titanium alloy (Ti-6Al-4V) assisted by high-pressured jet using x-ray diffraction is established.
Experimental

Material
The material used in the test was RMI 6AL-4V bar, with the USA specification AMS 4920 and Europpa AECMAprEN3312, an alpha-brta titanium base alloy with anominal composition of 6 percent aluminium and 4 percent vanadium with a hardness of 342 Vickers (HV3). The 0.2% offset yield strength was 827 MPa and the ultimate tensile strength 917 MPa. The chemical composition of the studied material was analyzed at Sandvik Material Technology and the result is given in table.1 (in wt. %). It showed that the producer's declaration of the material is in phase with lab analysis in table 1. 
Turning condition
The machining was done on a CNC lathe, Swedturn SMC. The high-pressure was produced by a pump with maximum pressure of 100 MPa with the motor effect 55 kW at 1500 rpm. All tests were performed with cutting fluid water plus 5% soluble oil so called Coolage 5% from Castrol. The high-pressure jet was always directed towards the rake face of the insert. The outer diameter of the bar was different for each operation. The turning conditions are summarized in tables 2-3. 
2.3-Sample preparation for residual stress measurement
From Ti6Al4V machined rods, samples in a plate form were cut. Each plate was cut into three pieces and the outer pieces were used for measurement ( figure 2 ). l w t Figure 2 : Samples were cut out of a round bar. Typically 10mm thick (t) and 30mm wide (w) the length (l) is determined by the diameter of the bar.
Samples were electro-chemically polished using electrolyte of 30 ml HClO 4 , 175 ml n-butyl alcohol and 300 ml methanol and at 17 V and room temperature. The curring density is 0.05-0.10 A/cm 2 and the polishing rate is ~ 25 nm /s.
Residual stress measurement
The BRUKER D8 Advance x-ray diffractometer with ¼ circle Eulerian cradle carried out residual stress measurement. Omega-diffractometer geometry and radiation were utilized [7] . (213) peak of α-Ti was selected. 
3.Results and discussion
Effect of high pressure on turning condition
Residual stresses
In order to show the effects of high-pressure the depth profiles of residual stress were plotted between the roughing cutting and roughing cutting data with high-pressure for a similar cutting time and the comparisons are shown in Figs Thus, the residual stresses are much higher at the transversal direction (T) than at longitudinal direction (L). The difference is larger than 100 MPa.
High-pressure jet did not always result in higher amplitude of residual stress as in the cases shown in Figs. 4 and 5. However, as can be seen high-pressure jet induced a much deeper compress residual stress under similar cutting condition in all cases. The effected layer by cutting increased from ~45 µm for sample No.4 to ~90 µm for sample No.8 (Fig.3) ; from ~17 µm for sample No.3 to ~52 µm for sample No.9 ( Fig.4 ) and from ~130 µm for sample No.1 to ~200 µm for sample No.10 ( Fig.5) . Thus, the layers effected by cutting are nearly double although the amplitude of the compress residual stress was not greatly effected by high-pressure jet during cutting.
Conclusion
Roughing cutting resulted in fairly high compress residual stress on the titanium alloy. The residual stresses are higher at the transversal direction (T) than at longitudinal direction (L) for all samples.
High-pressure jet did not greatly effect the amplitude of the compress residual stress but highpressure jet induced compress residual stress nearly twice as deep as the convetion roughing cutting.
